Organisms found on rocky shores must endure harsh environmental conditions during tidal changes but scientific studies on tropical rocky shores are scarce, particularly in Colombian shores. Here we describe the spatial distribution of macroinvertebrates associated to the intertidal rocky ecosystems of Gorgona island, Colombia (Tropical Eastern Pacific). Sampling was carried out in four localities around the island: La Ventana and La Camaronera (sampled during October 2010) and La Mancora and El Muelle (sampled during March 2011). Two methodologies were used: rapid ecological assessments for qualitative data and quadrats for quantitative data. The richness, abundance, diversity (Shannon-Wiener H'), and evenness (Pielou J') of macroinvertebrates were determined for and compared between, using one way ANOVA, each locality and the three intertidal zones of La Ventana (see methods). One hundred twenty-one species of macroinvertebrates were found during the sampling period. in all localities, Mollusca was the richest and most abundant taxon (46% of the species and 59% of the individuals), followed by Crustacea (32% of the species and 33% of the individuals). The other groups accounted for the remaining 22% of the richness and 8% of the abundance. Several studies have demonstrated that mollusks and crustaceans are the richest and most abundant taxa in marine benthic communities. Most of the abundant species found were herbivores. The species composition varied among zones. The results of dominant species for each zone are consistent with the ones observed in other tropical rocky intertidal shores. All response variables showed a decreasing pattern from the low to the high intertidal (in La Ventana). Post-hoc results indicated that the high intertidal, the zone with the harshest environmental conditions, had significantly lower values than the other two zones for all response variables. Comparisons between the low intertidal zones of the different localities in Gorgona island showed higher values in all response variables for localities with intertidal pools. The most topographically homogeneous localities showed the lowest richness, abundance, and diversity. Both, tide pools and substrate heterogeneity and/or micro-topography are known to offer refuge against extreme physical conditions to the intertidal dwelling organisms. Results suggest that environmental stress, heterogeneity, and stability are important factors affecting the spatial distribution of macroinvertebrate species on intertidal rocky shores of Gorgona island. Rev. Biol. Trop. 62 (Suppl. 1): 189-198. Epub 2014 February 01. 
Rocky shores are very common worldwide. These shores constitute the hard marine band of mineral (sedimentary, metamorphic, and magmatic rocks) or biological (e.g., coralline coasts) origin that faces the sea directly (Little & Kitching, 1996) . According to tide patterns, two zones can be distinguished: the subtidal (permanently underwater or submerged) and the intertidal (periodically covered by water) zones. Due to its easy access, the intertidal zone has been a very important ecosystem in the development of research studies and experiments on biology and ecology (Osman, 1977; Sousa, 1979a; 1979b; Shanks & Wright, 1986; Davis & Wilce, 1987) .
Depending on the tidal ranges, three zones can be found in the intertidal: low zone (uncovered by the sea only during the lowest tides), middle zone (regularly flooded by the sea) and high zone (covered by the sea only during high tides); and depending on the slope, these shores can be divided into cliffs and rock beaches of different inclinations. Finally, depending on the substrate structure and composition different habitats can be found: cobbles, boulders, blocks, rock platform or better, a combination of these, and tide pools. in general terms, rocky shores are very heterogeneous, both in composition (the material of which they are made) and structure (morphological characteristics: slope, rugosity). Heterogeneity has been identified by several ecological studies as an important factor influencing the distribution and abundance of communities (Archambault & Bourget, 1996) . Heterogeneity of rocky shores gives special characteristics to the ecosystem which allows it to shelter a great number of marine species, both animals and plants. Macroinvertebrates (>0.5cm) are the most abundant and diverse animal group on rocky shores (Little & Kitching, 1996) .
Organisms found on rocky shores must endure harsh environmental conditions during tidal changes. The intertidal rocky ecosystem gives shelter to numerous species that cannot be found in other places and that play essential roles in ecosystem functioning (Londoño-Cruz, 2007) . Physiological limits and biological interactions are factors that influence the vertical distribution of organisms in the intertidal zone (Little & Kitching, 1996) . This vertical distribution has been extensively studied, and the results have shown general spatial distribution patterns for the communities inhabiting the intertidal rocky shores (Benedetti-Cecchi, 2001 ). Comparisons of distribution patterns between tropical and temperate rocky shores have shown differences mainly due to seasonality (Cole, Creese, Grace, irving & Jackson, 1992) .
Scientific studies on tropical rocky shores are scarce compared with those conducted on temperate rocky shores (Jimenez, Márquez & Díaz, 2004) . Even scarcer are the studies that have been carried out on Colombian shores, since there has been more interest in research on other ecosystems (e.g. coral reefs, mangroves). Although 636km of Colombian Pacific coast are rocky shores (Londoño-Cruz, Cuellar & Castellanos-Galindo, 2008) , only a small percentage of it has been studied. Rocky shores on Gorgona island and Bahía Málaga have been the best investigated areas on the Colombian Pacific; however, most of these studies are taxonomic inventories (e.g. Barrios & López-Victoria, 2001; invemar, Univalle & inciva, 2006) , and information on the distribution of species along the different intertidal zones is very scant. The objective of the present study was to identify macroinvertebrate species on rocky shores of Gorgona island and to determine and compare the richness, abundance, diversity (Shannon index), and evenness (Pielou index) among various localities and between intertidal zones at La Ventana.
MATERiALS AND METHODS

Study site:
Gorgona is an island of volcanic origin on the Colombian Pacific coast (2°58'03" N -78°10'49" W), about 30km from the nearest point on the continent, Punta Bazán, Cauca. it is the largest island on the Colombian Pacific (c.a. 13.3km
2 ), characterized by high rainfall, ranging between 4 164 and 8 176mm annually. The average humidity exceeds 90%, and the monthly average temperature of surface water ranges between 26 and 28°C (Barrios & López-Victoria 2001) . Different marine ecosystems are found on the island: coral reefs, sandy beaches, and rocky shores. As a result of its volcanic origin, rocky shores are the most extensive marine ecosystem on the island.
Four localities were sampled around the island: La Ventana (Ven) (2°56'19" N -78°12'20" W), La Camaronera (Cam) (2°57'24" N -78°12'54" W), La Mancora (Man) (2°56'00" N -78°12'07" W), and El Muelle (Mue) (2°57'33" N -78°08'41" W). Ven is a rocky platform with a gentle slope located at the southern end of the island, in front of the islet of Gorgonilla. Besides the rocky platform, large blocks and boulders are found towards the direction of El Cocal (Playa Palmeras), a large sandy beach; towards the opposite direction (Punta Brava), many tidal pools are found. Mue, located at the west margin of Gorgona island, has narrow mid and high zones, composed mainly of cobbles and pebbles as well as gravel and sand; the lower zone is made of cobbles, boulders and small blocks. These two localities are located on the eastern coast of the island facing the continent. Cam and Man are located on the western coast of the island (facing the open sea) and have high and middle intertidal zones composed mainly of sand and gravel; boulders, blocks, bare rock and tide pools are found only on the lower intertidal zone of these localities.
Sampling procedures:
Sampling was carried out twice. Ven and Cam were sampled in October 2010 while Mue and Man were sampled in March 2011. Two methodologies were used: rapid ecological assessments for qualitative data and quadrats for quantitative data. Both, rocks and crevices were meticulously searched for macroinvertebrates. Rocks that were moved were left as initially found in order to reduce the disturbance of the sampling (Chapman and Underwood, 1996) . Most of the identification was done in situ; only individuals of uncertain identification were collected for its posterior identification in the laboratory. identification of species was based on Keen (1971) , Fauchald (1977) , Brusca (1980) , Hickman (1998), Hickman and Finet (1999) , Hickman and Zimmerman (2000) , and Cantera, López de Mesa, Ocampo & Cuellar (2011) . All collected material was deposited in the Marine Biology Reference Collection of the Universidad del Valle (CRBMUV).
Due to the characteristics (i.e. composition of the shore substrate) of the four localities, Mue, Cam, and Man were only sampled in the low intertidal zone; while Ven was sampled in the high, middle and low intertidal zones since it had rocky substrate all along the intertidal. Additionally, Ven, due to its complexity, was subdivided into four different locations: Ven1: consisting of small rocks (gravel), Ven2: boulders and blocks, Ven3: rocky platform and boulders, and Ven4: rocky platform and intertidal pools.
Rapid ecological assessments:
The research team (five people) distributed around each locality/zone and searched actively for benthic macroinvertebrates covering as much area as possible during the spring tide. intertidal zones (low, middle, high) were defined through conventional methods and tidal charts. At each locality/zone, several quadrats (0.25×0.25m) were randomly placed; the number of quadrats was proportional to the area of the locality: 72 for Ven (including the 3 zones), 18 for Cam, 6 for Man, and 6 for Mue. All macroinvertebrates inside the quadrats were identified and counted. With this information, richness, abundance, diversity (Shannon-Wiener H'), and evenness (Pielou J') were calculated for each locality and for each intertidal zone/division in Ven using PRiMER 6.
All data were tested for normality (Shapiro-Wilk test) and homogeneity of variances (Levene's test). When the assumptions were not met, variables were transformed. Richness, diversity and evenness were transformed using Box-Cox, while abundance was transformed using natural logarithm. After transformation, richness did not meet normality and only evenness did not meet any of the parametric assumptions, hence no statistical analysis was performed on this variable. Richness and abundance were tested for differences between localities/zones using a one way ANOVA, while diversity was analyzed with a KruskalWallis test. The Tukey test was used for the post-hoc analysis. All statistical analyses were carried out with Statistica 6.
RESULTS
Macroinvertebrates were abundant and conspicuous on rocky intertidal shores of Gorgona island. One hundred twenty-one species of species macroinvertebrates were found during the sampling period. in all localities, Mollusca was the richest and most abundant taxon (46% of the species and 59% of the individuals), followed by Crustacea (32% of the species and 33% of the individuals) (Fig. 1) . The other groups accounted for the remaining 22% of the richness and less than 10% of the abundance.
Distribution of macroinvertebrates along an intertidal gradient (La Ventana):
Macroinvertebrate proportions found in the different intertidal zones in Ven were equivalent to the general results, with a clear dominance of mollusks and crustaceans (Fig. 2) . in the high zone, the only macroinvertebrate species found were from these two taxa. Dominant species were found in all zones. in the high zone, Nerita scabricosta Lamarck, 1822 and Echinolittorina aspera (Philippi, 1846) (Fig. 3) . A clear difference was observed between the high and the low and middle zones, with the high zone showing the lowest values. The clear dominance of E. aspera and E. modesta was reflected in its low equitability (Fig. 3 D) .
The one-way ANOVA showed significant differences between zones for abundance (p=0.002, F=6.8, DF=2) and richness (p<0. 001, F=14.8, DF=2) . According to the Tukey test, the abundance was lower in the high intertidal as compared to the middle (p=0.027) and the low (p=0.002) intertidal zones. The richness showed the same pattern, with the high intertidal being significantly less rich than the middle and low zones (p<0.001 for both). No statistical differences were found between middle and low zones for either abundance or richness, but there was a tendency for the low zone to show higher values. The Kruskal-Wallis test results for the diversity index were equivalent to the ANOVA results (p<0.001), showing differences between the high zone and the other two zones (Tukey test p<0.001).
Comparisons between low intertidal zones of different localities in Gorgona
Island: The dominance of mollusks and crustaceans found in Ven was also found at the other localities. A total of 1731 macroinvertebrates were recorded in the low intertidal zones sampled in Gorgona island, represented by 111 species. Mollusks and crustaceans were the richest (36-69% and 13-50% respectively) and most abundant (mollusks 11-68% and crustacean 22-89%) taxa ( Fig. 4A and 4B the variables except for abundance (Fig. 5) . in evenness, differences between localities were less than the differences observed in the other variables. (Fig. 5A ). The differences in abundance were found between Ven4 and Ven1 (p<0.001), Ven2 (p=0.015), Cam (p=0.011), and Mue (p=0.001) (Fig. 5  B) . As for diversity, the significant differences were found again between Ven4 and Ven1 (p<0.001), Ven2 (p=0.003), Cam (p=0.002), and Mue (p<0.001) (Fig.5C ). All these are evidences that highlight the importance of Ven4 low intertidal zone as compared to all other localities sampled in the island. 
DiSCUSSiON
Several studies have demonstrated that mollusks and crustaceans are the richest and most abundant taxa in marine benthic communities (Archambault & Bourget, 1996; De Almeida & Coelho, 2008) ; this has also been the case for Gorgona island and other places along the Pacific coast of Colombia, such as Bahía Málaga, Golfo de Cupica and Cabo Marzo (invemar et al., 2006; .
Within mollusks and crustaceans, the most representative group in tropical rocky shores is the herbivore gastropods (Paredes, Cardoso & Tarazona, 1999; invemar et al., 2006; SibajaCordero & Vargas-Zamora, 2006 ). Herbivory, a determinant factor in species spatial distribution on tropical rocky shores (Cruz-Motta, 2007) was a common feature among the most abundant species found in Gorgona's intertidal rocky ecosystems. Another important structuring force in the rocky intertidal ecosystem is the stressful conditions imposed by physical factors, such as desiccation, and the relative importance of these factors to different species may be reflected by characteristic adaptations of the species inhabiting these areas. The differential zonation of the species along the vertical gradient in the intertidal zone is imposed by physical stress on one hand and interspecific interaction on the other (Little & Kitching, 1996) .
Vertical zonation is a worldwide feature of rocky intertidal shores (Benedetti-Cecchi, 2001 ). The distribution, abundance, and diversity of intertidal assemblages through the different zones depend on factors such as desiccation, thermal fluctuations, and high irradiation (Sibaja-Cordero & Vargas-Zamora, 2006; Bertocci, Maggi, Vaselli & BenedettiCecchi, 2010) . in the high zone of Ven, which is the zone with the most extreme conditions, all response variables were significantly lower in comparison to the middle and low zones. This pattern of lower richness, diversity, and abundance on the high zone has been found on tropical and temperate rocky shores Scrosati & Heaven, 2007) . As expected, and according to what was previously mentioned, the species composition also varied between zones in Ven. Since most species that inhabit the intertidal zone have reduced distribution, the different zones might be characterized by certain species (Little & Kitching, 1996) . in Gorgona island, N. scabricosta and E. aspera were characteristic of the high intertidal zone. These species have also been identified as characteristic of this zone elsewhere (Garrity, 1984 , Sibaja-Cordero & Vargas-Zamora, 2006 and have been previously reported in Gorgona´s rocky ecosystems (Cantera et al., 1979) . The morphological and behavioral adaptations of these species make them resistant to the harsh conditions of the high intertidal. For example, neritids and littorinids form multilayer aggregations, lose extravisceral water at a controlled rate, and reduce tissue temperature by evaporative cooling (Garrity, 1984) .
in the middle and low intertidal zones of Ven, the dominant species were the same as those found in other studies. For example, the snail N. funiculata was a very abundant species in both zones of Ven. This intertidal distribution for N. funiculata seems to be the common pattern in the region (Garrity, 1984) . On the other hand, C. obscurus, a typical and abundant species on the low zone of rocky intertidal ecosystems (Bertness, 1981) , showed the same pattern in Ven (i.e. very abundant at the low intertidal zone). Another hermit crab (C. albidigitus) was very abundant, both in the middle and low intertidal zones; this species has been reported in high abundances in the middle (Bertness, 1981) This result is very interesting and may suggest that some biological interaction or some other factors (physical or chemical) might be affecting the vertical distribution of this species in Gorgona; more studies should be done to clarify this shift in zonation. Overall, it is important to study the factors controlling the distribution of the different trophic groups on Gorgona island's rocky intertidal ecosystems, because they determine the community structure.
Results of the comparisons between different localities on Gorgona island also showed the effects of the environmental stress of intertidal zones on the species distribution. The richness, abundance, and diversity in Ven4 were significantly higher than the other sites in the majority of the pairwise comparisons. These high values are probably a result of the high heterogeneity and the presence of relatively large tide pools at this site. Cam and Man, the other two localities where tide pools were found, also exhibited high values, and the differences between Ven4 and these two places were not as significant as with the other sites. Hence, we believe that tide pools are a key microhabitat that increases the number of species that can inhabit an intertidal site. Several authors (Menge & Sutherland, 1987; Metaxas & Scheibling, 1994; Archambault & Bourget, 1996; have stated that tide pools offer microhabitats with less fluctuating conditions than the rest of the intertidal zone for organisms, hence providing refuge from extreme conditions when the intertidal zone is exposed. These relatively constant environmental conditions increase the richness and abundance values in the areas where tide pools are present. Some studies in tropical (Brazil) and temperate (Scotland) zones have shown that the presence of zooplankton in tide pools is also related to these conditions (Metaxas & Scheibling, 1994; De Andrade, Monteiro-Neto & Carvalho, 2007) . it would be interesting to study in the future, the organisms inhabiting the water in tide pools on Gorgona island.
Topographic and substrate heterogeneity, not only in tide pools but also in the whole intertidal zone, have been regarded as a crucial factor affecting species distribution, richness, abundance, and diversity of intertidal communities (Archambault & Bourget, 1996; Londoño-Cruz, 2007; Londoño-Cruz & Tokeshi, 2007) , since a heterogeneous zone contains more microhabitats (Benedetti-Cechi, 2001 ) that might support a larger number of species. in Gorgona island, the most heterogeneous locality showed the highest values in all response variables. in Ven4, besides the rocky substrate, sand and algae were also present. in contrast, the least heterogeneous localities (e.g., Ven1 and Mue) showed the least richness, abundance and diversity values (Fig. 3) . Low richness values have also been related to substrate instability (McQuaid & Branch, 1984) . Ven1 was the most unstable of all localities, since it was dominated by small rocks and pebbles, which are easier to disturb by swash and overwash. This study provides preliminary evidence suggesting that environmental stress (high temperature and desiccation), habitat heterogeneity and stability are important factors that affect the spatial distribution of macroinvertebrate species on intertidal rocky shores of Gorgona island.
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RESUMEN
Se estudió la distribución especial de los macroinvertebrados asociados al intermareal rocoso de la isla Gorgona, Colombia (Pacífico Oriental Tropical). Los muestreos se hicieron en cuatro localidades alrededor de la isla: La Ventana y La Camaronera (muestreadas durante Octubre de 2010) y La Mancora y El Muelle (muestreadas durante Marzo de 2011). Se usaron dos métodos: evaluaciones ecológicas rápidas para datos cualitativos y cuadrantes para datos cuantitativos. Se calcularon la riqueza, la abundancia, la diversidad de Shannon-Wiener (H'), y la equidad de Pielou (J') de las muestras y se compararon, usando ANOVA de una vía, entre las diferentes localidades y las tres zonas intermareales de La Ventana (ver métodos). Se encontraron 121 especies de macroinvertebrados durante el estudio. En todas las localidades, Mollusca fue el taxón más rico y abundante (46% de las especies y 59% de los individuos), seguido por Crustacea (32% de las especies y 33% de los individuos). Los otros grupos equivalieron al 22% de la riqueza y menos 8% de la abundancia. Muchos estudios han mostrado que los moluscos y los crustáceos son los taxa más ricos y abundantes en las comunidades bentóni-cas marinas. La mayoría de las especies más abundantes fueron herbívoros. La composición específica varió entre zonas. Los resultados de las especies dominantes para cada zona son consistentes con los observados en otras costas rocosas intermareales tropicales. Todas las variables de respuesta mostraron un patrón decreciente desde la zona intermareal baja a la alta (en La Ventana). Los resultados post-hoc indicaron que la zona superior, la zona con las condiciones ambientales más rigurosas, tuvo valores significativamente más bajos que las otras dos zonas para todas las variables de respuesta. Las comparaciones entre las zonas intermareales bajas de las diferentes localidades en la isla Gorgona mostraron valores más altos en todas las variables de respuesta para las localidades con charcos intermareales. Las localidades más homogéneas topográfi-camente mostraron la riqueza, abundancia y diversidad más bajas. Se conoce que tanto los charcos intermareales como la heterogeneidad y/o microtopografía del sustrato ofrecen refugio a los organismos habitantes del intermareal contra condiciones físicas extremas. Los resultados sugieren que el estrés ambiental, la heterogeneidad y la estabilidad son factores importantes que afectan la distribución espacial de las especies de macroinvertebrados de las costas rocosas intermareales de la isla Gorgona.
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